update of protective ventilation concept but it has not clarified anything compared to earlier studies. The authors shall be congratulated for a careful statistical analysis and in general a well written study. However, the major question that triggered the study remains. And thus, what is protective ventilation and is protective ventilation beneficial?
Specific comments Abstracts Results line 53: What do you mean with "ventilation with lower tidal volumes was analyzed separated from PEEP and recruitment"? Introduction page 6 line 44: you refer to 2 references and one has a rather large material but the other one included less than 100 patients divided into two groups. You might mention that both showed beneficial effect of protective ventilation, that is the sum of low tidal volume, recruitment maneuvers and PEEP. Page 7 lines 52 and following: you define protective ventilation as low tidal volume with or without PEEP and recruitment maneuvers. This means that your definition is simply lower tidal volume. That can be discussed, at least until any evidence exists of no effect of PEEP at all. Page 11 Results lines 11-30: although you start with 1447 publications your selection criteria reduced the number of studies that were included to 8. I do not see that this is a larger material (804 patients) than previously published in the Futier and Hemmes studies. Admittedly you have the most recent meta-analysis. That you include two-lung ventilation (n=5) and one-lung ventilation studies (n=3) is to me a clear limitation. You should have restricted your analysis to either two-or one-lung ventilation. Page 11 line 41-43: I appreciate your clear distinction of low and high tidal volume (5-7 vs 9-12 / kg). Line 51-57. You argue that the Hemmes study is less reliable because of size and poor separation of the study groups. However, I see that you have similar problems with varying use of PEEP and recruitment maneuvers. Page 12 line 4 and following: atelectasis was diagnosed by Chest radiography in six studies and CT in one study. I think that conventional chest x-ray will only show atelectasis of a certain size and not the anesthesia-induced atelectasis that requires CT to be detected. Line 31 and following: plateau pressure was lower in the protective ventilation group but this suggests to me that no or less PEEP was used compared to the control group. PEEP is often considered to be protective in itself. Here your findings suggest that low tidal volume and absence of PEEP might be best. Page 12 lines 49 and following: you write that atelectasis was significantly less common in patients with the protective ventilation strategy but it is not clear whether this is related to smaller tidal volume or presence or absence of PEEP and recruitment maneuvers.
VERSION 1 -AUTHOR RESPONSE
Reviewer: 1 Reviewer Name Aryeh Shander Institution and Country Englewood Hospital and medical Center USA Please state any competing interests or state "None declared": None for this activity After review of this meta-analysis I think it can be published with minor revisions. Given its size/weight, most of the results seem to be dictated by the study by Futier et al, which is not necessarily a problem per se and most other studies appear to be in agreement with their results. Some general language edits are needed. For example, first part of abstract: "To determine whether anesthetized patients undergoing surgery could benefit from intraoperative protective ventilation remains unclear and controversial." Either "To determine" or "remains unclear and controversial" should be deleted. The authors should provide more details on how to calculate Q and I2, or provide a reference for the readers. Also, no figure legends were provided.
Re:Thank you very much for your comments. We revised several sections in this new version and added the specific reference on the calculation of Q and I2. Figure legends were provided in this revision. We hope the revised manuscript is much more acceptable.
Reviewer: 2 Reviewer Name Goran Hedenstierna Institution and Country Medical Sciences University hospital Uppsala, Sweden Please state any competing interests or state "None declared": None declared
The authors make a thorough review of previous studies on protective ventilation and, not surprisingly, the results vary between studies and the definition and use of low or high tidal volume, low or no PEEP versus high PEEP and use of recruitment maneuvers or not vary between studies and vary between study groups in an inconsistent way. There is thus a good reason to perform an analysis with better criteria of what protective ventilation really means. I do not feel that the present study has made it more clear. It adds another meta-analysis of a rather inhomogenous group of protective ventilation patients and rather inhomogenous group of conventional ventilation patients. To me this is the most recent update of protective ventilation concept but it has not clarified anything compared to earlier studies. The authors shall be congratulated for a careful statistical analysis and in general a well written study. However, the major question that triggered the study remains. And thus, what is protective ventilation and is protective ventilation beneficial?
Re: Thanks so much for your critical viewpoint on our manuscript. We read thoroughly your comments and identified the issues you raised and have made several revisions accordingly. Please review the changes highlighted in the text. We wish the revised version is much acceptable.
Specific comments Abstracts Results line 53: What do you mean with "ventilation with lower tidal volumes was analyzed separated from PEEP and recruitment"?
Re: Thanks for your comment on this point. We agree that it should be "protective ventilation" rather than "ventilation with low tidal volume". It seems impossible to conduct separated analysis to evaluate the effects of lower tidal volumes, PEEP or recruitment. We initially defined "protective ventilation" as "low tidal volume with or without PEEP and recruitment maneuvers" , which was mainly based on published literatures where varied criteria were employed in protective ventilation group. It is generally accepted that protective ventilation refers to lower tidal volume with moderate PEEP in ARDS patients. However, the definition of protective ventilation in surgical patients without lung injury appears to be inconsistent. It remains unclear whether PEEP or recruitment is indispensable and what is the optimal PEEP levels. To perform an analysis with better criteria, we narrowed our selection criteria in the revision. We defined "protective ventilation" as "low tidal volume with PEEP, with or without recruitment maneuvers". We have revised accordingly.
Introduction page 6 line 44: you refer to 2 references and one has a rather large material but the other one included less than 100 patients divided into two groups. You might mention that both showed beneficial effect of protective ventilation, that is the sum of low tidal volume, recruitment maneuvers and PEEP. Re: We do appreciate your prudent comments. We revised the imprecise expressions. We agree with you that the beneficial effect of protective ventilation refers to the sum of lower tidal volume, PEEP and recruitment maneuvers in these studies. It was incorrect to use "low tidal volume" referring to "protective ventilation" in our previous manuscript.
Page 7 lines 52 and following: you define protective ventilation as low tidal volume with or without PEEP and recruitment maneuvers. This means that your definition is simply lower tidal volume. That can be discussed, at least until any evidence exists of no effect of PEEP at all. Re: We completely agree with you on this point. The definition of protective ventilation differed between published studies. It remains unknown what is role of PEEP in protective ventilation and in which level is optimal. Cai et al compared the low tidal volume with high tidal volume in surgical patients in a RCT in which no PEEP was employed in both groups. They found that there was no significant increase in the amount of atelectasis within the two groups. Treschan et al conducted another RCT to explore the effect of lower tidal volume versus higher tidal volume where both groups used moderate PEEP. These authors found that impaired lung function was not ameliorated by low tidal volume ventilation. Taken together, PEEP appeared to be indispensable to maximize the beneficial effect of lower tidal volume. In our initial submission, we included studies with extended criteria where protective ventilation was restricted to lower tidal volume regardless of PEEP. We obtained the largest number of eligible studies while raised the problem of high heterogeneity. In this revision, we defined protective ventilation as low tidal volume with PEEP, with or without recruitment maneuvers.
Page 11 Results lines 11-30: although you start with 1447 publications your selection criteria reduced the number of studies that were included to 8. I do not see that this is a larger material (804 patients) than previously published in the Futier and Hemmes studies. Admittedly you have the most recent meta-analysis. That you include two-lung ventilation (n=5) and one-lung ventilation studies (n=3) is to me a clear limitation. You should have restricted your analysis to either two-or one-lung ventilation.
Re: We do appreciate your helpful comments. One-lung ventilation represents a particular group of patients in whom mechanical ventilation produces a pro-inflammatory state that renders the host more vulnerable to subsequent ischemia reperfusion, hypoxia-reoxygenation and alveolar damage. Meanwhile, mechanic settings are very different regarding the tidal volume or PEEP. Thus it was improper to combine the data with that of two-lung ventilation in pooled analysis. We restricted our analysis to two-lung ventilation in this new version.
Page 11 line 41-43: I appreciate your clear distinction of low and high tidal volume (5-7 vs 9-12 / kg). Line 51-57. You argue that the Hemmes study is less reliable because of size and poor separation of the study groups. However, I see that you have similar problems with varying use of PEEP and recruitment maneuvers.
Re: We agree with you that both Hemmes study and our previous manuscript suffered from the problems with varying use of PEEP and recruitment maneuvers. In the revision, we narrowed our selection criteria and defined protective ventilation as low tidal volume with PEEP. Cai"s study was excluded in this new version because zero PEEP was used in the protective group.
Page 12 line 4 and following: atelectasis was diagnosed by Chest radiography in six studies and CT in one study. I think that conventional chest x-ray will only show atelectasis of a certain size and not the anesthesia-induced atelectasis that requires CT to be detected.
Re: Thanks for your comments. CT seems to be more sensitive to detect atelectasis than Chest radiography. This study has been excluded in this revision as described before.
Line 31 and following: plateau pressure was lower in the protective ventilation group but this suggests to me that no or less PEEP was used compared to the control group. PEEP is often considered to be protective in itself. Here your findings suggest that low tidal volume and absence of PEEP might be best. Re:We agree with you that the "low tidal volume" should be revised as "protective ventilation". We did not do analysis to separate the effect of low tidal volume or PEEP. In the revision, all the studies employed moderate PEEP in the protective ventilation group and only one study used PEEP in the control group.
Page 12 lines 49 and following: you write that atelectasis was significantly less common in patients with the protective ventilation strategy but it is not clear whether this is related to smaller tidal volume or presence or absence of PEEP and recruitment maneuvers.
Re: Our study suffered from the inherent limitation as you pointed out. Given the fact that the original research employed varied protective strategies, it seems impossible to simply attribute the beneficial effects to certain one of these components. In fact, PEEP and recruitment maneuvers could be helpful to overcome the potential effects of low VT ventilation on oxygenation. It would be reasonable to use these methods in combination. Specifically, trials enrolled in the revised meta-analysis applied all the methods of lower tidal volumes, higher PEEP and recruitment maneuvers in the protective ventilation group. To address the issue which one is more closely related to lower incidence of atelectasis, further studies are still warranted.
Reviewer: 3 Reviewer Name Avinesh Pillai Institution and Country Department of Statistics University of Auckland New Zealand Please state any competing interests or state "None declared": None declared There are no comments.
